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INTRODUCTION 
 
Recovery of team sport athletes during multiple competitive games is an important area for strength and conditioning 
coaches to monitor as it facilitates for athletes to be ready to perform (11,13).  Utilising athletic performance data in 
conjunction with self-rated reporting measures can help determine if in fact a player or team has recovered sufficiently 
or shown a trend towards recovery prior to a competitive match (11). Positive improvement in recovery variables can 
provide confidence in the effectiveness of recovery methods used and assist in determining the training schedule in 
order to positively manipulate the fitness-fatigue relationship (3). 
 
Various methods of analysing the recovery of athletes have been reported in the literature and are available to the 
strength and conditioning coach.  These include subjective, self-rated scales and perceived level of recovery 
questionnaires (11,12,13). Athletic performance measures during exercises such as the counter movement jump 
(CMJ) have also been analysed, predominantly utilising force plates to obtain kinetic data. (5,13,14). However, such 
equipment can be difficult to transport, requires continual calibration and is costly to purchase.  A linear transducer 
can provide important information on CMJ variables in the assessment of athletic movements and due to its size and 
portability could serve as a valuable tool to assist strength and conditioning coaches, (8,10), and potentially enable the 
monitoring of recovery. 
 
Previous studies have investigated the fatigue effects of competitive games in various sports (11,13,14) including 
Australian Rules Football (AFL) at the senior elite league level (5, 6).  To the authors’ knowledge, however, there is 
yet to be a study investigating the recovery response in AFL players, specifically in players 18 years and under 
competing in the National Under 18s Championships. Australian Rules football is an extremely physically demanding 
and fatiguing sport where players participate in games time exceeding 120 minutes duration, covering large distances 
(~12-18km, position dependent) with many high intensity efforts performed at random times throughout the game 
(2,6,16).  Hence, it would seem pertinent to analyse the fatigue effects of competitive matches in an Australian Rules 
Under-18’s National Championship and the subsequent recovery from these games. 
 
The aim of this study was to analyse and compare two self-rated subjective measures of recovery; they being muscle 
soreness (MS) of the lower body, overall perceived total recovery (TR), and the performance measure of peak velocity 
(PV) obtained from a CMJ analysed with a linear transducer.  Data collection occurred between rounds four and five of 
the Australian Football League Under-18’s National Championship, representing a four-day recovery analysis period 
between matches. 
 
METHODS 
 
Subjects 
Data was collected from ten (n = 10) males (age 17.7 ± 0.6 years, height 184.3 ± 5.3 cm, weight 82.4 ± 5.0 kg), 
competing for Tasmania’s State 18s Australian Rules football side in the 2011 Australian Football League Under-18’s 
National Championships.  Inclusion criteria for participation in the study required players to present with no major 
injury complications prior to and throughout the data collection period. 
 
Variables 
The recovery measurements included PV of a CMJ (described below), as well as self-rated measures of perceived 
total recovery (TR) (Figure 1), and muscle soreness of the lower body (MS) (Figure 2).  Scales that quantify self 
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reported health and wellness athlete markers have been previously shown to be reliable and valid in the literature 
(9,13).  However we would like to recognise a limitation of this study being the fact no reliability or validity reports have 
been conducted on the exact scales utilised in this study. MS was determined from both left and right sides of the 
following muscle groups (calf, hamstring, quadriceps, adductors, hip flexors, glutes) and summed to provide a total 
lower body muscle soreness score.  Subjects were asked to provide a number based on the descriptors provided in 
figure 1. 
 
Procedure 
Baseline scores for PV from the CMJ were obtained the day prior to the round four game of the National 
Championship following the team’s flight to Melbourne from Tasmania, and prior to training that afternoon.  PV was 
obtained from a GymAware (GA) optical encoder (Kinetics, Canberra, ACT), with information delivered via Bluetooth 
to an iPhone 3 running a GA Lite application.   The GA optical encoder was attached to a belt worn around the waist, 
and positioned below the navel of the subject.  Subjects performed four trials of the CMJ with hands positioned on the 
hips and observed a three second recovery period between each trial, aiming to maximize jump height.  Counter 
movement depth was not controlled and self selected by each subject. The mean of all four jumps was calculated and 
used for analysis.  Reliability and validity of such testing protocols have been reported in the literature including the 
testing equipment itself for measurement of peak velocity (8,10).  The four trials were performed to investigate if any 
significant outliers presented in the initial baseline data collection and to account for for any warm up effects while 
performing the maximal CMJ efforts.  CMJ testing during recovery was performed following breakfast (between 
7:30am and 9:30am) and self-rated recovery data was obtained prior to breakfast on each day.  Prior to CMJ testing a 
standardised warm up protocol was conducted involving five bodyweight squats, two dynamic quadricep stretches on 
each leg, and a 50% effort CMJ prior to the completion of the four maximal effort trials.  All subjects were familiar with 
the CMJ as it was a consistent part of their resistance training programs.  The testing, game, training, and recovery 
schedule of the subjects is provided in Figure 3. 
 
Statistical analysis 
The data was firstly assessed for normality using the Kolmogorov-Smirnov test and outliers (> 2 standard deviations 
from the mean) were removed.  The recovery variables were then averaged and compared across time points.  For 
normally distributed data (PV and MS) comparisons between time points were made using a repeated measures 
analysis of variance (ANOVA).  When a significant difference was detected Bonferroni’s Multiple Comparison Post-hoc 
tests were performed.  Effect size was calculated from the change in PV across time points divided by the pooled 
standard deviation (4).  For the non-parametric variable of TR a Friedman’s test with Dunn’s Multiple Comparisons 
was used to compare means across the recovery days.  Correlations were also performed on the data across all days 
post-game to identify if any significant associations existed between the different recovery markers.  The change in PV 
from day 1 post-game over the subsequent recovery days (as an indication of functional recovery) was correlated with 
the MS on each of these days using Pearson’s Product Moment correlation.  MS and TR were also compared over the 
recovery period using a Spearman’s rho correlation.  All data was analysed using GraphPad Prism 5 and the test for 
significance was set at p<0.05.  Data is presented as mean and standard error of the mean (SEM) unless otherwise 
indicated.  Reliability of the CMJ PV variable was determined by intra-class correlation coefficient [(ICC 2,1)] and 
Coefficient of Variation (CV) across the four maximal effort trials within the same testing day for all testing days.   
 
 
 
Total Recovery Scale 
0 No Recovery 
1  
2 Very poor recovery 
3 Poor recovery 
4  
5 Reasonable recovery 
6 Good recovery 
7 Very good recovery 
8  
9 Very, very good recovery 
10 Full recovery 
Figure 1 - Total recovery (TS) 0-10 scale 
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Muscle Soreness Scale 
0 No soreness 
1 Slight awareness 
2 Slightly uncomfortable 
3 Slightly more uncomfortable 
4 Uncomfortable 
5 A little sore 
6 Sore 
7 Pretty sore 
8 Very sore 
9 Very, very sore 
10 Extremely sore 
Figure2 - Muscle soreness (MS) scale 0-10 scale 
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Figure 3 - Testing, game, training, and recovery schedule. 
 
RESULTS 
 
The PV variable obtained from the CMJ was highly reproducible across the four trials within the same testing day with 
an intra-class correlation coefficient [(ICC 2,1)] for PV for the four CMJ of 0.94.  This would suggest for future data 
collection purposes one maximum trial would be sufficient.  Furthermore CV ranged between 1-8% for each athlete on 
each testing day.  
 
For the recovery variables there were significant changes over the recovery days and also significant associations 
between the variables.  Figures 4 to 6 and table 1 demonstrate the change in each of the measured variables over the 
duration of the study.  There were significant changes in TR and MS over the four recovery days and, although not 
significant, there was a trend for PV to change over the recovery days as evident from the large effect size on days 3 
and 4 compared with days 1 and 2 post-game (Table 1). Table 1 displays effect size (Cohen’s d) indicating ‘practical 
importance’ levels of recovery of the CMJ PV across all data collection time points, and indicates that on days 3 and 4 
PV had ‘recovered’ from day 1 post game representing the ‘most fatigued state’ post game (very large and large 
effects respectively). 
 
Correlation analyses revealed that there were significant associations between the performance variable (PV) and the 
subjective variable MS as well as between TR and MS over the four recovery days (Figures 7 and 8). 
Journal of Australian Strength & Conditioning 
 
May 2012 | Volume 20 | Supplement 1 
35 
P
re
P
os
t1
P
os
t2
P
os
t3
P
os
t4
0
1
2.8
3.0
3.2
3.4
P
e
a
k
 V
e
lo
c
it
y
 (
m
.s
e
c
-1
)
 
Figure 4 - Peak velocity (PV) of the counter movement jump (CMJ) from pre-game baseline and during the four-day 
recovery period (repeated measures ANOVA, p = 0.13). 
 
Table 1 - Effect size comparisons for peak velocity (PV) across all data collection time points including percentage 
change from baseline across the four recovery days. 
 
Time Point Comparison Effect Size Descriptor 
Change from 
Baseline (%) 
Pre to day 1 post -0.35 Small Effect -2.72 
Pre to day 2 post -0.09 Negligible Effect -0.80 
Pre to day 3 post 0.74 Medium Effect 5.15 
Pre to day 4 post 0.56 Medium Effect 4.18 
Day 1 post to day 2 post 0.27 Small Effect  
Day 1 post to day 3 post 1.11 Very Large  
Day 1 post to day 4 post 0.88 Large Effect  
Day 2 post to day 3 post 0.84 Large Effect  
Day 2 post to day 4 post 0.64 Medium Effect  
Day 3 post to day 4 post 0.08 Negligible Effect  
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Figure 5 - Total muscle soreness (MS) of the lower body (all soreness scores combined) during the four-day recovery 
period. *  = significantly different from post 1 using repeated measures ANOVA with Bonferroni post hoc (p<0.0001). 
 
* 
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Figure 6 - Total recovery (TR) values during the four-day recovery period. Friedman’s test (for non-parametric data) 
identified a significant difference (p<0.0001) with Dunn’s multiple comparisons identifying day 3 and 4 post different 
from day 1 (*) post and day 4 post different from day 2 post (#). 
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Figure 7 - Association between muscle soreness (MS) and ratings of perceived total recovery (TR) at days 1, 2, 3 and 
4 post game (n=34). Correlation is a Spearman’s rho (r=0.593 and p=0.0002).  
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Figure 8 - Muscle soreness (MS) at day 2, 3 and 4 and recovery of peak velocity (PV) from day 1 (lowest day) at day 
2, 3 and 4 (effectively the change in PV from post 1 values) (n=26).  Pearson’s correlation indicates a significant 
relationship (p=0.002; r -0.575). 
 
*# 
* 
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DISCUSSION 
 
The aim of this study was to analyse and compare two self-rated subjective measures of recovery and the 
performance measure of PV obtained from a CMJ analysed with a linear transducer.  This study has demonstrated 
that PV measured using a linear transducer is reliable over repeated jumps and that these, relatively easy to 
implement recovery measures, produce a typical recovery response and were significantly associated with each other 
during recovery from a game in under 18 AFL players. 
 
The CMJ PV data strongly suggested that the players had recovered from baseline values following the round 4 
game.  While a non-significant decrement in PV was found with the analysis of variance, a trend for reduced 
performance followed by a recovery in performance was shown, as was to be expected.  Possible causes for the 
improved performance day 3 and 4 beyond ‘baseline’ values could be attributed to a learning effect of the test 
measure, however the author feels this is unlikely due to the training and testing history of the players with respect to 
the CMJ.  The effect of travel within different time zones has shown to influence game performance (1).  Possibly the 
travel from Tasmania to Melbourne and the unsettling effects of new accommodation conditions negatively influenced 
the baseline value, however this statement would only be speculative at best, as all travel occurred within the same 
time zone.  Regardless of this limitation, the reliability of PV was shown to be high (ICC = 0.93, CV ranging between 
1-8% for each athlete on each testing day), and the recovery of this variable over the four post-game days, indicates 
that future investigations are warranted utilising PV of a CMJ as a recovery marker for athletes.  From a practical 
viewpoint, confidence was gained within the playing group that adequate recovery had occurred when informed of the 
progressive improvements in the PV scores. 
 
The effect size for the PV variable provides evidence of the practical significance or importance of this variable for 
monitoring recovery (4,15).  Strength and Conditioning coaches should become aware of the values of reporting effect 
sizes in regards to monitoring the treatment effect of interventions or changes across time as it provides an indication 
of the magnitude of the effect particularly when small sample sizes could limit the ability to find statistically significant 
differences (15). 
 
Statistically significant improvements in recovery were reported when assessing the MS and TR values.  Three and 
four days post were significantly different from one day post for MS and TR was also significantly improved at day 
three and four post-game when compared with day 1 post-game and also day four from day two post-game.  This 
would suggest that players had ‘recovered well’ with group TR scores of 8 and 8.7 for days 3 and 4 post, representing 
a TR scale descriptor between very good recovery and very, very good recovery. This emphasises the importance of 
utilising subjective or self-reported recovery measures when monitoring athletes, particularly during a competitive 
phase where multiple games are played throughout a season or a championship and training loads need to be 
prescribed and has been supported within the literature previously (13).  As written previously however we would like 
to recognise a limitation of this study being the fact no reliability or validity reports have been conducted on the exact 
scales utilised in this study. 
 
The moderate correlation (r = -0.5745) between the self-reported or subjective recovery measure of MS and the 
performance measure of PV provides a promising link between perceived and functional recovery.  This finding 
suggests that how the subjects perceived their recovery to be, was linked or had a relationship with how their actual 
athletic performance recovered (as defined by CMJ PV).  Hence, when equipment that measures kinetic and 
kinematic data of an athletic movement such as the CMJ is unavailable, the strength and conditioning coach may 
benefit from obtaining subjective measurements such as MS as an easy to obtain, but potentially effective method for 
monitoring recovery. 
 
Given that moderate correlations were also found between the MS and TR scales (r = 0.593), it could be suggested 
that there is potential to utilise either measure if desired when obtaining excessive amounts of recovery data within a 
large squad of athletes in a tournament or championship setting.  Correlations while suggesting an association or a 
relationship between variables, however, do not represent causation and effect and in turn caution is required when 
interpreting the correlation results.  Strength and Conditioning coaches may wish to include muscle soreness scales in 
order to highlight specific treatment requirements for the individual and an over all recovery subjective measure when 
monitoring the fatigue and recovery response of their athletes. 
 
To conclude the use of self-rated and performance indicators of fatigue or recovery provides valuable information to 
the Strength and Conditioning coach during intense periods of competition. Such measures can inform the coach 
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whether the playing group has responded well to the recovery methods implemented.  The testing methods utilised in 
this study were easy to administer and did not impact negatively on the tour itinerary or well-being of the group. 
 
PRACTICAL APPLICATION 
 
This study of practical analysis from the field highlights the importance of monitoring the recovery of athletes in both a 
subjective and objective manner between games during a championship or competition.  Feedback of recovery data to 
coaches can help prescribed training durations and intensities while feedback to athletes can also be use to enforce 
the message ‘they are ready to play’ if results suggest this.  Assessment of PV of a CMJ using a linear transducer 
may provide a valid and certainly a reliable indicator of objective performance recovery in young Australian Rules 
football players.  If linear transducer testing equipment is not available then including self-rated markers of recovery 
may provide an alternative to gaining an insight into the recovery status of your athletes in a team sport environment.  
Results from this study would suggest that following a state under 18s national championship game, players are well 
on the way to recovering 4 days post a competitive game. 
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